The virtual team is an increasingly common strategic work unit of many organizations. The virtual team, via various computer-based media (e.g. email, groupware) and noncomputer-based media (e.g. telephone), can interact and collaborate though separated by distance and time. One approach to their study is determining whether factors that drive conventional team performance also exist in the virtual environment. Interaction style has been shown to have a great effect on conventional teams' ability to achieve solution quality and solution acceptance on collaborative decision tasks (Hirokawa, 1985; Watson & Michaelsen 1988; Hirokawa & Gouran, 1989; Cooke & Szumal, 1994) . Group interaction styles affect communication and thus team performance by facilitating or hindering the exchange of information among group members. These styles reflect an aggregation of behavioral traits of individual team members, rooted in their individual personalities. The interaction style of conventional teams can be reliably assessed, and from that assessment, performance on collaborative decision tasks can be predicted. This study investigated whether or not virtual teams who collaborate via computer-mediated communication also exhibit similar interaction styles, and whether the styles have the same effects on their decision performance and process outcomes as they do with conventional teams. Members of 42 virtual teams completed an intellective decision first individually and then collaboratively. Post-task measures captured individual and team performance data (e.g. solution quality) as well as process perceptions (individual acceptance of the team solution). An additional posttask tool was able to accurately capture the teams' interaction style. Results show that the interaction styles of virtual teams affect both performance and process outcomes in ways that are directionally consistent with those exhibited by conventional face-to-face teams. Implications include recommending the methodology for virtual team management, and suggestions for future research are offered. #
Introduction
The team work unit, advanced telecommunications and computer network technologies, and a hypercompetitive business environment have been the catalysts for a new organizational form}the virtual team (Jarvenpaa & Ives, 1994) . Virtual team members have distinct complimentary areas of expertise and are geographically and often temporally distributed, possibly anywhere within (and beyond) their parent organization (Lipnack & Stamps, 1997; Townsend, DeMarie & Hendrickson, 1998; Duarte & Snyder, 1999) . The virtual team, via telephone, email, FAX, teleconferencing, videoconferencing and some new emerging technologies (e.g. instant messaging) can interact and collaborate though separated by distance and time. This ability gives organizations increased flexibility and responsiveness, permitting them to rapidly assemble dispersed and disparate experts into a virtual team that can work on an urgent project. These advantages drive the increasing use of virtual teams. The fact that much of their interaction is via information technologies (e.g. email and groupware) make them a very relevant subject for information systems research.
One approach to studying virtual teams is determining whether factors that drive aspects of conventional team performance also exist in the virtual environment. Interaction style has been shown to have a great effect on conventional teams' ability to achieve solution quality and solution acceptance on collaborative decision tasks (Hirokawa, 1985; Watson & Michaelsen 1988; Hirokawa & Gouran, 1989; Cooke & Szumal, 1994) . Group y interaction styles affect communication and thus team performance by facilitating or hindering the exchange of information among group members. These styles reflect an aggregation of behavioral traits of individual team members, rooted in their individual personalities. The interaction style of conventional teams can be reliably assessed, and from that assessment, certain types of objective decision performance and process outcomes on collaborative decision tasks can be predicted. The present study seeks to determine whether or not virtual teams who collaborate via text-based computer-mediated communication also exhibit similar interaction styles, and whether the styles have the same effects on their performance and process outcomes as they do with conventional teams. Beyond answering this interesting research question, the practical result of this research is to introduce a webbased methodology that virtual team managers can use to assess how a potential virtual team is going to interact, and by extension, how they will share information, and how well they are likely to perform those team functions that require collaborative problemsolving and decision-making. The methodology can also be used to diagnose communication-based difficulties that underperforming virtual teams may be having.
We offer a brief review of research on interaction styles in conventional face-to-face (FTF) teams, and on relevant preliminary research on virtual team communication and performance. We then pose our hypotheses and present a study that (1) validates an y The terms ''team'' and ''group'' are used interchangeably in this paper, although they are not strictly synonymous. Hollenbeck et al. (1997) consider groups to be configurations of two or more interdependent individuals who interact over time, and teams to be special cases of groups, whose members incorporate skill differentiation and share a common fate (i.e. similar consequences for all members depending on success or failure at the team level). Brannick and Prince (1997) also distinguish teams from groups by their members having distinct and noninterchangeable functions. Our subjects met some of these definitional requirements of teams, but not others.
instrument that can accurately assess interaction styles of virtual teams collaborating via the Internet and (2), uses that instrument to answer our research questions. We present the results of that study and then we discuss these results and their implications for virtual team management, and offer suggestions for future research.
Background

INTERACTION STYLES IN TEAMS
Communication is a fundamental behavior of conventional (FTF) teams (Morgan, Glickman, Woodard, Blaiwes & Salas, 1986; McIntyre, Salas, Morgan & Glickman, 1989) . But team communication has inherent difficulties. Members of problem-solving teams face two types of pressures in achieving quality solutions and high solution acceptance (Maier, 1963 (Maier, , 1967 . On the one hand, there is pressure on each member to contribute unique, and possibly controversial, information to maximize the team's resources. On the other hand, members of teams tend to believe that efficient team problem-solving and strong solution acceptance (aspects of satisfaction with the team process) are best achieved through conformity of opinions (e.g. Festinger, 1950; Hoffman, 1979; McGrath, 1984) . The way in which a team deals with the conflicting ''task'' (e.g. satisfactory performance) and ''maintenance'' (e.g. satisfaction with the process) pressures is reflected in the team's interaction style. Watson and Michaelsen (1988) showed that a team's interaction style affects performance. They identified positive and negative behaviors as components of group interaction style. Three groups of behaviors (expectations of performance and integration, leadership, and cohesiveness) contributed to team performance on an intellective task while one group of negative behaviors (e.g. noninvolvement, withholding of information) detracted.
Building on the Watson and Michaelsen typology and others (e.g. Maier, 1967; Hoffman, 1979) , Cooke and Szumal (1994) showed that group interaction, aggregated from stable personality factors of the individual group members, can be categorized as constructive, passive, and aggressive styles. The constructive style is characterized by a balanced concern for personal and group outcomes, cooperation, creativity, free exchange of information, and respect for others' perspectives. The constructive style enables group members to fulfill both needs for personal achievement as well as needs for affiliation. The passive style places greater emphasis on fulfillment of affiliation goals only, maintaining harmony in the group, and limiting information sharing, questioning and impartiality. The aggressive style places greater emphasis on personal achievement needs, with personal ambitions placed above concern for group outcome. Aggressive groups are characterized by competition, criticism, interruptions and overt impatience.
Group interaction style is theorized to affect performance because it can impede or enhance team members' ability to bring their unique knowledge and skills to bear on the task, and the extent to which they develop and consider alternative strategies for approaching the task (Hackman & Morris, 1975) . This is particularly critical for groups with heterogeneous levels of expertise, as communication by most expert group members is positively correlated with group performance. Zalesny (1990) found that the VIRTUAL TEAM INTERACTION STYLES most accurate member in interacting groups did not influence performance unless he or she was assertive and confident. Bottger (1984) also found that amount of communication time and expertise were positively correlated with performance, though only with high-performing groups. In their study of estimation methods for individual/ team performance differences, Cooke and Kernaghan (1987) found that average individual scores explain an average of 57% of the variance in team scores. They also noted that the expertise of the best member contributes significantly to the team score, above and beyond the average individual score, with both factors together explaining an average 69% of the variance in team score performance. Group performance has usually been found to be inferior to that of the best individual, and typically, groups perform better than the average of their individual members and worse than their best individual member (Hill, 1982; Yetton & Bottger, 1982; Burleson, Levine & Samter, 1984; Libby, Trotman and Zimmer, 1987) . Cooke and Szumal (1994) demonstrated that groups whose interactions are characterized by a dominant style achieve different levels and patterns of performance and process outcomes on intellective decision tasks that require information sharing. Specifically, predominantly constructive groups produce solutions that are superior in quality to those produced by passive groups and superior in acceptance to those produced by either passive or aggressive groups. Groups with predominantly passive styles produce solutions that are inferior in quality to those of constructive (and sometimes aggressive) groups and inferior in acceptance to those of constructive groups. Similarly, groups with predominantly aggressive styles produce solutions that are not as consistently of high quality as those generated by constructive groups but not as consistently of low quality as those produced by passive groups. The solutions produced by aggressive groups generate less overall acceptance than those developed by constructive groups and about the same level of acceptance as those generated by passive groups. Cooke and Szumal (1993) presented a validation of a methodology that can reliably assess interaction styles in FTF teams. The basic methodology (described in greater detail below) places participants in a crisis survival scenario and has them individually solve an intellective decision-making problem related to the scenario. They then work collaboratively to create a consensus group solution. Teams with constructive interaction styles will exchange sufficient information so as to formulate a synergistic group solution to the problem that is superior (i.e. is closer to an expert's solution) to those generated by any individual member. At this point both individual solution quality and team solution quality can be assessed, as well as process outcomes such as individual acceptance of the final team solution. Following this part of the exercise, subjects individually complete a self-report survey that solicits post-task perceptions of team interaction (we give a more complete description later). From this post-task questionnaire, the group's interaction style can be derived, as well as subjective measures of the process, such as solution acceptance. Stasser & Titus, 1985) , Hightower and Sayeed (1996) found information exchange to be positively linked to virtual team performance on an intellective decision task. Tan, Wei, Huang and Ng (2000) found information exchange positively related to virtual team performance on a preference task. Warkentin, Sayeed and Hightower (1997) found that perceptions of shared norms and expectations of task process were types of relational links positively related to a higher level of team cohesion and information exchange in virtual teams. Mennecke and Valacich (1998) also found information sharing to be positively related to decision quality for groups (using text-based CMC tool) whose members had unique information. In sum, information exchange via text-based CMC appears to have similar effects on performance of some tasks (i.e. intellective collaborative decisionmaking) and similar effects on process outcomes of some tasks in virtual teams as it does in FTF teams. This is indirect evidence that the virtual teams in these studies exhibited interaction styles that gave rise to varying levels of information exchange.
The present study used the Cooke and Szumal (1993) tools and methodology (described in greater detail below) converted to web-enabled, text-based versions. As with the virtual team research discussed above, for the interactive collaborative portion of the present study, we restricted our participants to CMC (text-based messaging via PCs connected to the Internet). Although other portions of the exercise required the participants to work individually (e.g. completing web-based questionnaires), this portion of the task required collaborative participation, and had team members posting text messages to each other on a threaded discussion web on a web site dedicated to that team.
Although we will address the issue in greater depth elsewhere in this paper, we posit here that on balance, we do not believe that team interaction via CMC will significantly interfere with the expression and perception of individual interaction characteristics, nor do we believe that this medium will significantly interfere with team members' ability to accurately assess their team's interaction style. We also have no a priori reason to believe that the interaction styles of virtual teams should have effects on specific objective decision performance outcomes that are not directionally consistent with those exhibited by FTF teams.
H1
The interaction style of virtual teams will predict objective measures of team performance. H1a A constructive group interaction style will negatively predict team error and positively predict gain and synergy. (Error, gain and synergy are defined in the measures segment of the method section below.) H1b A passive group interaction style will positively predict team error and negatively predict gain and synergy. H1c An aggressive group interaction style will not predict team error but will negatively predict gain and synergy (e.g. aggressive personalities may have the best solution).
VIRTUAL TEAM INTERACTION STYLES
As noted above, Tan et al. (2000) found information exchange positively related to higher levels of cohesion, collaboration, and satisfaction with decision quality in virtual teams who used their dialogue technique than for those who did not. Solution acceptance and satisfaction with the decision process are functions of the perceptions of process quality and fairness, and are characteristic of teams with a constructive interaction style. While satisfaction with task and amount of time needed by teams to reach a decision are relatively common dependent variables, perceived team efficiency (i.e. the perceived use of time) is not (Fjermestad & Hiltz, 1998 -1999 . We speculate that perceived efficiency is tautologically related to both satisfaction with performance outcomes and process outcomes. We argue that the medium should have little detrimental effect on the ability of members to discern the group's processes and products. We offer the following hypotheses on process outcomes.
H2
The interaction style of virtual teams will predict process measures of team performance. H2a A constructive group interaction style will positively predict member acceptance of the group's decision, satisfaction with the process, and the members' perception of time efficiency. H2b A passive group interaction style will negatively predict member acceptance of the group's decision, satisfaction with the process, and the member's perception of time efficiency. H2c An aggressive group interaction style will negatively predict member acceptance of the group's decision, satisfaction with the process, and the member's perception of time efficiency.
Method
PARTICIPANTS
Group style, performance and process outcomes data were collected from 186 members of 42 virtual teams who completed the Internet version of the ''Desert Survival Situation'' (Lafferty & Pond, 1974; Balthazard, 1999) , a structured problem-solving exercise used for management development and team building in classroom and corporate settings. Subjects were low-and mid-level managers participating in corporate organizational training and development programs, and were members of an executive MBA class on information technology and strategy. The median number of participants in each problem-solving virtual team was five and included seven threemember teams, 12 four-member teams, 21 five-member teams, and two six-member teams. Data from seven of 186 original participants was incomplete and not included in the individual-level data set for analysis. The age of the participants ranged from 20 years old to 52 years old with more than half of the sample (55%) in the 20-29 years range. Slightly more than 59% of the participants were male and most were White or Caucasian (approximately 78%). The participants reported some college education (46%), a college degree (43%), or a graduate degree (11%). The exercise was performed for professional credit in the organization's continual education system. Given their background and/or academic standing, all participants were assumed to be highly computer literate. The exercise was conducted approximately midway through the R. E. POTTER AND P. A. BALTHAZARD semester. The subjects had been exposed to a great amount of material on IT support of business processes including distributed work environments. Before the exercise, many participants expressed their interest in the general topic of management of virtual teams, and many of them regularly participated in this type of work in their professional lives. We also received many positive comments after the exercise. In addition, subjects were told that we would review all the transcripts of their team's interaction. We cannot guarantee that all subjects performed to the best of their ability, but given their maturity, their professional interest in the subject, the requirements of the course, and the fact that we reviewed all the text that they generated, we are confident that they were enthusiastically engaged and executed the task very well.
TASK AND TECHNOLOGY
The ''Desert Survival Situation'' (Balthazard, 1999) places teams in a desolate region of the Sonoran Desert in Southern Arizona, USA, in the middle of summer (where their chartered plane has crashed) and challenges them to correctly rank 15 items they have salvaged in order of their importance to the team's survival. The simulation provides participants with an opportunity to practice their skills in both situational analysis and group decision-making. Szumal (2000) describes this type of problem as a content-free simulation that is likely outside the sphere of expertise within the group but designed to direct attention to overall team problem-solving processes and skills. Solutions to the exercise are developed first on an individual basis and then as a group. Individual and team solutions are then compared to an expert's solution. Comparisons between individual solutions and the expert's solution indicate how well participants are exercising their knowledge, experience, and skills with respect to situational analysis and complex problem-solving. Comparisons between participants' individual scores and their team's score indicate whether they were able to achieve synergy by fully using and building on their collective knowledge and skills (see Cooke & Kernaghan, 1987) . In other words, the team's score should be better than any individual score if group synergy were achieved. The task is in its first phase an individual task, and then in its second phase it is primarily an interdependent intellective task (McGrath, 1984; Argote & McGrath, 1993) , one which has a single correct answer, and which requires collaboration, coordination, and conflict resolution from its participants. The interdependency}entailing persuasion so that the participants can reach consensus}is also one characteristic of judgment tasks (McGrath, 1984) . All materials and mechanisms for group collaboration, including a comprehensive description of the group decision task, pre-and post-task questionnaires, and the tools for group communication were all made available on the Internet for participants to access using standard browsers. The textual descriptions of the desert survival task were enhanced by links to digitized streaming video clips available on-demand. Group communication was accomplished using an Active Server Page (ASP) threadeddiscussion system that allowed team members to post new threads, reply to current messages, or search the team's written record of the discussion. Messages were posted using a ''most recent at the top'' method with replies creating clear hierarchies under each thread. In the web interface, the left-hand side window displayed a scrollable roadmap of the discussion}indicating for each contribution a subject label, the name VIRTUAL TEAM INTERACTION STYLES of the contributor and date/time of the contribution. The right-hand window was used for participants to view selected messages or to create their own contribution. Each team was given access to its own private (password protected) web discussion. Although the system supported semi-synchronous written communication, the interface was significantly different than that of a chat room: it essentially provided more structure to the discussion and the possibility of multiple and nonsequential subdiscussions.
PROCEDURE
In an initial meeting, participants were introduced to the web-based system. They were randomly assigned to a virtual team and asked to provide a team name and select a team secretary (a participant with the responsibility of providing the group consensus solution for the problem, with no implied leadership role). As individuals (with no interaction yet permitted), they were provided with the URL of the home page for the simulation and asked to complete/submit a pre-task ''registration'' questionnaire requesting biographical type information (name, team name, age, gender, education, and previous experience with technology). They were then directed to peruse for 5 min a different web page that described the decision task. Each participant was then given 10 min to rank the 15 items on an individual basis and submit a personal solution for processing by the web system. The participants used their computers to access these materials and to complete this portion of the exercise. Though collocated, they did not communicate with each other at this time, either verbally (as they were collocated) or via computer.
Each team was then given the URL of a password protected threaded-discussion web and given 7 consecutive days to interact (exclusively using the threaded discussion) to produce a group solution on a consensus basis}that is, a solution that all members could ''live with''. Team members could access the discussion web from any location (with a computer, browser and Internet connection) and at any time but could not be collocated with any other team member. Participants were prohibited from interacting with other team members via any other communication medium during this portion of the task. Team leaders were not formally designated and, therefore, any leadership roles assumed by members emerged informally. Upon achieving a consensus solution, the virtual team's secretary submitted the consensus group ranking and each member independently completed a group process questionnaire (assessing group efficiency, effectiveness, satisfaction, and buy-in) and a questionnaire that assessed group interaction style. The post-task questionnaires were answered after ranking the items as a group but before receiving feedback on the ''experts' ranks'' or the quality of their own solution.
3.4. MEASURES 3.4.1. Group interaction styles. To assess a group's interaction style, participants answered 33 questions that focused on the ways in which members of a group might interact with one another and approach their task during a meeting or specific problemsolving session. The items were a subset of the Group Styles Inventory # described in R. E. POTTER AND P. A. BALTHAZARD Cooke and Szumal (1994) . The items assess three distinct, yet interrelated, group interaction styles introduced earlier}constructive (12 items), passive (9 items) and aggressive (12 items). Each member's scores along each of the three interaction styles are calculated by averaging his or her responses to the items composing each of the respective scales. These items describe specific collective behaviors that might characterize a group to a very great extent (response option 4) or, at the other extreme, not at all (response option 0). For our present data set, the Cronbach alpha coefficients for the three style measures are 0.90 for constructive, 0.83 for passive, and 0.89 for aggressive, indicating that the items composing each scale were answered in a fairly consistent manner by respondents. The interaction styles, although distinct, are expected to be interrelated. For our sample, analysis of the individual-level data shows that the constructive scale correlates negatively and significantly (p50.01) with the passive (r=À0.45) and aggressive (r=À0.22) scales. Further, the aggressive scale correlates positively and significantly (p50.01) with the passive scale (r=0.70). Constructive interaction styles appear to suppress the passive and aggressive styles, and the latter styles appear to reinforce one another}the aggressive behaviors of some beget passive behaviors from others.
Although these correlations do not exclude the possibility that the styles are empirically distinct, they suggest that the scale scores cannot be relied on to separate the individual and simultaneous effects of the styles (Darlington, 1990) . A principal components analysis with varimax rotation was used to facilitate the source of these effects. By examining responses to the 33 items, the factor analysis should recognize orthogonal factors representing constructive, passive, and aggressive interaction styles. The Kaiser-Meyer-Olkin measure of sampling adequacy was 0.88, suggesting that the approach is appropriate. Initial statistics showed that 14 factors with eigenvalues greater than 1.0 could be extracted. However, the scree plot suggested that three factors be retained for the varimax rotation, altogether representing 50.29% of the variance in the items. The first factor extracted was clearly the aggressive style with 100% of the 12 aggressive items showing their highest loadings}all above 0.45}on this factor (see Table 1 for a listing of items and factor loadings). In addition, three passive items loaded positively on the aggressive factor. The second factor represented the constructive style with all of its 12 constructive items loading above 0.54 on it. Further, none of the passive or aggressive items loaded on it. The third factor reflected the passive style with six of nine items showing their highest loadings on it. Two of the three misbehaving passive items (members overly concerned for gaining full and unanimous support for every decision, members showing too much indecision) loaded on the aggressive scale whereas the third (ideas too readily accepted) showed mixed loadings. In general, the great majority of items (30 of 33 items) loaded onto the proper factor and the incorrect loadings of the three passive items make sense. For example, it would seem reasonable that aggressive group members would push their solution to be accepted by everyone; they might act indecisive or refuse to go along with any other alternative. Since factor scores from this analysis are appropriate to assess the independent effects of the three interaction styles, interaction style within each team was computed by averaging the factor scores of individual members. The justification for aggregation at the group level for all our measures is discussed below. (Lafferty & Pond, 1974; McGrath, 1984) . Since it is an error score, a lower score (ideally 0) indicates better performance. Second, ''gain'' was calculated by (a) deriving an error score for each participant, (b) averaging this score across members of each group to obtain an average individual score and then (c) subtracting the team error score from the average of individual members' scores. This set of calculations produces a score that reflects the gain (or loss) in solution quality achieved by the group relative to the average quality of members' initial, independently derived, solutions (Cooke & Kernaghan, 1987) . Third, ''synergy'' was operationalized by subtracting the lowest of its individual members' error scores from the team's error score (see Straus, 1996; Szumal, 2000) . A synergistic team should perform beyond the capabilities of its ''best'' member (prior to his or her interaction with the team). Low team error scores along with significant gain and synergy reflect effective performance; in contrast, high team error scores with little gain (and often loss) and no synergy reflect poor team performance and low solution quality.
VIRTUAL TEAM INTERACTION STYLES
3.4.3. Measures of process performance. Four measures of process performance were derived for each team: ''Solution Acceptance'', ''Satisfaction'', ''Group Commitment'' and ''Perceived Efficiency''. Member acceptance of the group's decision (solution acceptance) was measured by three supplementary questions included in the post-task questionnaire. Respondents were asked to report the following.
(1) The extent to which they were personally committed to the solution proposed by the team. (2) The extent to which they thought the solution generated by the group was better than the one they developed. (3) The extent to which they felt that the solution had been reached on a consensus basis.
The questions were adapted from the work of Cooke and Lafferty (1988) . Responses to each of these items, which ranged from 1=not at all to 5=to a very great extent, were averaged for each team member (alpha=0.74). High scores on this scale therefore reflect a high degree of solution acceptance. The overall level of member acceptance of the group's decision (solution acceptance) within each team was then computed by averaging the scale scores of individual members.
Satisfaction with the process was assessed by two questions included in the post-task questionnaire. Respondents were asked to report the following.
(1) The extent to which members of the group worked together effectively.
(2) The extent to which the group came up with the best possible solution, given time and geography constraints.
The questions were again adapted from the work of Cooke and Lafferty (1988) . Responses to each of these items, which ranged from 1=not at all to 5=to a very great extent, were averaged for each team member (alpha=0.73). High scores on this scale therefore reflect a high degree of satisfaction with the process. The overall level of VIRTUAL TEAM INTERACTION STYLES satisfaction within each team was then computed by averaging the scale scores of individual members.
Perceived efficiency with the process were each ascertained using one question. Also from the work of Cooke and Lafferty (1988) , the item ''to what extent did the group seem to waste time and energy?'' was used to assess members' perception of the efficiency of the process. Responses to this item ranged from 1=not at all to 5=to a very great extent. We reversed the scoring of this item to retain directional consistency with the other measures. Therefore, high scores reflect a perception of a high degree of efficiency with the process. The overall level of perceived efficiency within each team was then computed by averaging the scores of individual members.
3.4.4. Inter-rater reliability and justification for aggregation. Justification for aggregating member's reports on the various scales is summarized in Table 2 . Inter-rater reliability and agreement was assessed for appropriate measures by means of the etasquared statistic (Z 2 ), a series of one-way analyses of variance (ANOVAs with group membership as the independent variable and the measure to be aggregated as the dependent variable), and tests based on the multiple-item estimator r wg(j) for scales with moderately skewed distributions (see James, Demaree & Wolf, 1984 Lindell, Brandt & Whitney, 1999) .
The Z 2 statistics indicate that group membership explained 42% of the variance in individual responses to the constructive measure, 62% of the variance for the passive and aggressive measures, 46% of the variance for the solution acceptance measure, 55% of the variance for the satisfaction measure, 48% of the variance for the group commitment measure and 57% of the variance for the perceive efficiency measure. Similarly, the F ratios suggest that the variance in responses between groups is significant in relation to the total variance for each measure (all significant). The Z 2 and F ratios therefore support the proportional consistency of variance (Kozlowski & Hattrup, 1992) among the responses of members within the same group as compared to the responses of members across groups (i.e. inter-rater reliability). The multiple-item estimator r wg(j) , on the other hand, was used to assess inter-rater consensus or the interchangeability among different members' responses within each group to the items associated with each scale. As a measure of convergence among a group of raters, this estimator is particularly relevant to instruments designed to measure group or organizational-level variables on the basis of individual members' reports (Kozlowski & Hattrup, 1992) . For each measure, the amount of variance in members' responses within each group was compared to the expected amount of variance based on moderately skewed distributions (which have been observed for the scales in larger face-to-face group samples). The median r wg(j) estimates (across the 42 groups) indicate that agreement within groups is fairly high and that the amount of withingroup variance is small relative to the expected amount of variance in responses. While median coefficients of 0.70 are considered acceptable (e.g. George, 1990) , the estimates for our scales are in most cases significantly larger, with the weakest coefficient (Group Commitment) achieving the 0.70 threshold. The r wg(j) estimates of inter-rater consistency and consensus, along with the Z 2 and F statistics, support the statistical aggregation of individual responses to the group level for our analyses. Thus, all analyses beyond the factor analysis were performed at the group level.
Results
CORRELATIONAL ANALYSIS
Zero-order correlations were computed among the different measures at the group level of analysis (Table 3) . The correlations provide an indication of the direction and magnitude of the relationship between each of the group interaction styles and the objective and process measures of performance. One-tailed t-tests were used to determine whether the correlations were likely to be significantly different from zero in the population.
The predicted negative relationship between the constructive style and team error and the positive relationships between the constructive style and gain and synergy (H1a) are partially supported by the pattern of correlations. Although synergy is the only relationship achieving an acceptable level of confidence, it is the most difficult objective measure of performance to attain in practice. Further, the relationships with team error and gain are directionally consistent with the hypothesis (especially in comparison to the relationships involving the passive and aggressive styles). The predicted positive relationships between the constructive style and the process measures of performance (H2a) are all strongly supported.
The predicted positive relationship between the passive style and team error and the negative relationships between the passive style and gain and synergy (H1b) are fully supported by the pattern of correlations. The predicted negative relationships between the passive style and the process measures of performance (H2b) are all strongly supported. As predicted, the aggressive style is not related to team errors, and the pattern of correlations of its relationship with gain and synergy (H1c) suggests a negative association. The predicted negative relationships between the aggressive style and the process measures of performance (H2c) Supplementary analyses were carried out to provide a more descriptive and somewhat more qualitative picture of the differences between predominantly constructive, passive, aggressive and mixed-style teams. To do so, differences along the three interaction style factor scores were used to identify and compare teams whose interactions were characterized by a single predominant style. At the group level of analysis, each team's passive and aggressive factor scores were added together and then subtracted from their constructive score and the 10 (of 42) groups with the largest residual scores were deemed predominantly constructive. Similarly, passive and constructive interaction style factor scores were added together and then subtracted from aggressive scores to identify the 10 most aggressive groups, and aggressive and constructive scores were added together and then subtracted from passive scores to identify the 10 most passive teams. This procedure led to 30 teams being classified as either predominantly constructive, passive or aggressive, and 12 groups classified as mixed with respect to interaction style. The average constructive, passive, and aggressive factor scores for each of the four types of teams were computed and compared to check the effectiveness of the classification procedures. As shown in Table 4 , the four sets of groups differed significantly (all p50.01) in their average scores along each of the three factors. Consistent with the intent of the statistical manipulation, the mostly constructive teams show the highest factor scores along the constructive style; similarly, the mostly aggressive and mostly passive teams show highest factor scores along the appropriate styles. Mean scores for these four sets of teams were computed for the objective and process measures of performance. F statistics from a series of ANOVAs by type of group and one-tailed t-tests from a series of planned comparisons then were used to identify significant differences between predominantly constructive, aggressive, and passive virtual teams in accordance with the hypothesized effects. They are presented in Table 5 .
DISCUSSION AND CONCLUSION
Our results offer a number of important insights on virtual teams. First, as with FTF teams, virtual teams exhibit constellations of communication behaviors that can be perceived and aggregated into an interaction style. Second, the effects of virtual team interaction styles on a number of objective performance and group process outcomes are very similar to those exhibited by conventional teams. Although we present a detailed explanation of the validation of our web-based version of the Cook and Szumal (1993, 1994) tools and methodology, one study is not adequate to firmly establish that these communication phenomena exist and manifest as we believe they do. This issue rests in part on the question of whether the communication medium used here was sufficiently rich to permit accurate expression and reception of the communication. That is, is there something about textual communication that diminishes the expression or reception of the tone or emotional content of a virtual team communication that would not occur in FTF verbal (largely) communication?
As CMC restricts the transmissions of eye contact and many other contextual and social cues (such as facial expressions, posture and other visual and behavioral attributes of the recipient), it may reduce the salience of the recipient's involvement (social presence) (Short, Williams & Christie, 1976) . The reduction of social presence in CMC appears to reduce social inhibitions in communications, and increase the voicing of more radical opinions, equality of participation and a reduction of status differences between members (Dubrovsky, Kiesler & Sethna, 1991; Kiesler & Sproul, 1992) . The effects of media on the emotional or social substance of CMC also appear to be related to the relative difficulty of expression via that medium compared to face-to-face. CMC groups communicate less frequently than FTF groups (Hiltz, Johnson & Turoff, 1986; Siegel, Dubrovsky, Kiesler & McGuire, 1986) . This information suppression (Hollingshead, 1996a (Hollingshead, , 1996b ) may be compensated for by the expression of more polarized or diverse opinions and a higher proportion of task-related messages. Hiltz and Turoff (1993) have shown that some forms of communication that are suppressed in a particular medium (e.g. facial expression cues in email) can be replaced with alternative expressions of the same message appropriate to the media. Walther (1992 Walther ( , 1994 Walther ( , 1996 has argued that the ''cues filtered out'' stance inherent in social presence theory cannot adequately explain many of the conflicting results in (Rice & Love, 1987) . In one study, Walther (1995) noted that perceptions of immediacy/affection were actually stronger and emerged sooner in CMC problemsolving groups compared to FTF groups. Kahai and Cooper (1999) also noted that socioemotional content was higher in their CMC groups than FTF groups, and also found that both positive and negative socioemotional content were positively associated with task-oriented communication. Weisband and Atwater (1999) investigated the relationship of member liking to ratings of others' contribution in face-to-face and virtual groups working on a decision task. They found that ratings of liking contributed less bias to evaluations of contribution for virtual groups than face-to-face groups. Hedlund, Ilgen and Hollenbeck (1998) found that leaders of CMC decision-making teams were better able to differentiate members on the basis of the quality of their decisions compared to leaders of FTF teams. These findings suggest that assessment of member contribution may be more accurate (or objective) in an environment where visual cues are restricted.
To summarize, findings show that although CMC groups may communicate less frequently, they can compensate in various ways. The computer-mediated communication medium may actually be superior to face-to-face communication for objective and accurate evaluation of others' input into teamwork. There also seems to be no fundamental reduction of the human tendency to promulgate relational or socioemotional communication. Nor does extant research suggest that people have difficulty interpreting the emotional tone or other manifestations of personality that are expressed in CMC. Our results are consistent with these findings. Although it may be coincidence, the similarity of our results regarding the performance and process outcomes of virtual teams to those of FTF teams suggests (though cannot confirm) that the CMC medium used here was sufficiently rich to permit expression and reception of communication that was not significantly diminished compared to that displayed commonly by FTF teams.
One limitation of the present study is that of our teams. Although our subjects interacted with each other for an entire semester, they were formed into interdependent teams for only the relatively brief duration of our task. A second limitation of the present study concerns culture. Our research setting was the United States, with a largely male Caucasian sample. Other cultural groups may indeed hold different norms concerning communication behavior via CMC and other aspects of group interaction VIRTUAL TEAM INTERACTION STYLES (Potter & Balthazard, 1999 , 2000 . A third limitation is that of our specific task and technology.
These limitations suggest that further research in this area is needed. One direction is to develop additional theoretical perspectives on virtual team interaction, and a second is to develop additional methodologies and research approaches. Third, there are many opportunities to increase the diversity of the type of task and participant beyond what was employed here. Other cultures may exhibit significantly different group interaction behaviors, and these can include different national cultures, different organizational or professional cultures, or teams of mixed status members. McGrath (1984) and others have identified numerous types of group tasks and each may or may not elicit group interaction styles, with similar or dissimilar effects. Our technology did not include realtime audio such as conference calling that real virtual teams sometimes use. We can speculate that this type of channel would permit greater latitude of expression (vocal tone and inflection, for example), likely leading to improved message reception, and to stronger effects of the resulting interaction style on performance and process outcomes. On the other hand, particularly for distributed virtual teams operating in different time zones, asynchronous CMC such as email and the technology used in the present study may be the more popular.
The more practical result of the present study is to demonstrate a methodology that virtual team managers can use to assess how a potential virtual team is going to interact, and by extension, how they will share information, and how well they are likely to perform those team functions that require collaborative problem-solving and decision-making. The methodology can also be used to diagnose communication-based difficulties that underperforming virtual teams may be having. Given the increasing reliance on virtual teams, we believe that this diagnostic approach will become very important. It also suggests another ripe area for research: If the reality of virtual team life is like that of conventional interdependent teams that face decision tasks, the majority of them will exhibit nonconstructive interaction styles with accompanying performance problems. Beyond diagnosis, how do we improve them? Can the technology shape constructive interaction and diminish nonconstructive interaction? These will surely become important challenges for the interested researcher.
